(12) INTERNATIONAL APPLICATION PUHI nurn nw,«. 

ULATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Internationa] Bureau 

(43) International Publication Date 
1 August 2002 (01.08.2002) 




PCT 



(10) International Publication Number 

WO 02/059131 Al 



(21) International Application Number: PCT/US02/02086 

(22) International Filing Date: 25 Januaty 2002 (25.01.2002) 

(25) Filing Language: 

(26) Publication Language: 



Don LLP, 60 State Street, Boston, MA 02109 (US). 

(81) Designated States (national): AE. AG, AL, AM, AT AU 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH. CN CO CR CtJ 

LR, LS, LT, LU, LV, MA, MD, MG, MK, MN MW MX 

^Z°^ L ^\ m ' m S °' SE ' SG ' 
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW) 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ TM 
European patent (AT, BE, CH, CY, DE, DK ES FI FR 

S S c m F 5/2 S ^ ^ 

K: S S • • GA - GN ' °* GW> 

Published: 

— W/A international search report 

- before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments y J 

For two-letter codes and other abbreviations, refer to the ^Guid- 
ning of each regular issue of the PCT Gazette. 



English 
English 

(30) Priority Data: 

60/264,160 25 January 2001 (25.01.2001) US 

LENNIIJM PHARMACEUTICALS, INC. [US/US]; 75 
Sidney Street, Cambridge, MA 02 1 39 (US). 

(72) Inventors; and 

(75) {^^Applicants (for US only): PLAMONDON, 

nf Z 144 R ° bbins Road - Wat '«°wn, MA 

SL?^ U «* f US/US ^ 232 Ea« Border 
Rd Medford MA 02155 (US). ADAMS, Julian [US/US]- 
121 Laurel Road, Brooklin, MA 02146 (US) GUPTA 

■SSZlZST* 14620 ^ ****** 



ON 
IT) 



(54) Title: FORMULATION OF BORON1C ACID COMPOUNDS 



> The invention also provides nove. bTnate ^^S^^^r h P^pari n g the compositions, 

useful ,n the methods of the invention. ^ lnVen,,0n fimher P™" 1 " boronic acid anhydride compounds 



WO 02/059131 



PCT/US02/02086 



Formulation of Boronic Acid Compounds 

(Attorney Docket No. 103576.513) 



GOVERNMENT FUNDING 

5 Work described herein was performed under Collaborative Research and 

Development Agreement (CRADA) Number 0676. The United States 
Government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

10 PiplH of the I nvention 

Ms invention relates to ft. formation of pharmaceutical compounds. 
More particularly, fte invention relates to stable, pharmaceutical* acceptable 
compositions prepared from boronic acid compounds. The invention a)so relates 
to methods for preparing such compositions. 

15 Qtimmary of thg tt»1«ted Art 

Boronic add and ester compounds display a variety of phannaceutically 
useful biolopcal activities. Shenvi - *. U.S. Pat. No. 4,499,082 (1985), d^oses 
ft* peptide boronic adds are inhibitors of certain proteolytic enzymes Kettw 
snd Llvi, U.S. Pat No. 5487,157 (1 993); U& Pat. No. ^ 
20 Pat No. 5,250,720 (1993), describe a class of peptide boronic adds that «U* 
.ypsft-U* protases. H eemans i a«„U.S.PatNo.5, 1 69,S41( 1 992,,d 1S do S es 
ZnnmaUy modified peptidebor.de adds fta. inhibit fte action of rerun. 
Kinder * *. U.S. Pat. No. 5,106,948 (1992), disdoses mat certain tnpeptide 
boronic add compounds inhibit fte growth of cancel cells. 
25 More recently, boronic add and ester compounds have displayed 

partial promise as inhibitors of fte proteasome, a multicatalytic protease 
Iponsibte for fte majority of intiaceUuUr protein tiKnover. Ciedwtover, Ce» 
79- 13-21 (1994), teaches that fte proteasome is the proteolytic component of fte 
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ubiquitm-proteasome pathway, in which proteins are targeted for degradation by 
conjugation to multiple molecules of ubiquitin. Ciechanover also teaches that the 
ubiquxtn-proteasome pathway pl ays a key role in a variety of important 
physiological processes. 

5 Adams et al, U.S. Patent No. 5,780,454 (1998), U.S. Patent No. 6,066,730 

(2000), US. Patent No. 6,083,903 (2000), and U.S. Patent No. 6,297,217(2001) 
hereby incorporated by reference in their entirety, describe peptide boronic ester 
and acid compounds useful as proteasome inhibitors. The references also 
describe the use of boronic ester and acid compounds to reduce the rate of muscle 
protein degradation, to reduce the activity of NF-kB in a cell, to reduce the rate of 
degradation of p53 protein in a cell, to inhibit cydin degradation in a cell, to 
inhibit the growth of a cancer ceU, to inhibit antigen presentation in a cell, to 
inhibit NF-kB dependent cell adhesion, and to inhibit HTV replication. Brand et 
al, WO 98/35691, teaches that proteasome inhibitors, including boronic acid 
compounds, are useful for treating infarcts such as occur during stroke or 
myocardial infarction. Elliott et al, WO 99/15183, teaches that proteasome 
mhibitors are useful for treating inflammatory and autoimmune diseases. 

Unfortunately, alkylboronic acids are relatively difficult to obtain in 
analytically pure form. For example, Snyder et al, J. Am. Chem. Sac. 80: 3611 
(1958), teaches that arylboronic acid compounds readily form cyclic trimeric 
anhydrides under dehydrating conditions. Also, alkylboronic acids and their 
boroxines are often air-sensitive. Korcek et al,J. Chem. Sac, PerEn Trans. 2 242 
(1972), teaches that butylboronic acid is readily oxidized by air to generate 1- 
butanol and boric acid. These difficulties limit the pharmaceutical utility of 
boronic acid compounds, complicating the characterization of pharmaceutical 
agents comprising boronic acid compounds and limiting their shelf-life. 

There is thus a need in the art for improved formulations of boronic acid 
compounds. Ideally, such formulations would be conveniently prepared, would 
exhibit enhanced stability and longer shelf life as compared to the free boronic 
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acid compound, and would readily liberate the bioactive boronic acid compound 
when adnunistered to a subject in need of boronic acid therapy. 
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SUMMARY OF THE INVENTION 

The present invention provides stable, pharmaceutical^ acceptable 
compositionspreparedfromboronicacidcompounds. The invention also 
provides memods for preparing such compositions. The invention provides *e 
discovery that lyophilization of an aqueous mixture comprising a boronic aad 
compound and a compound having at least two hydroxyl groups produces a 
stable composition that readily releases the boronic acid compound upon 
dissolution in aqueous media. 

In a first aspect, the invention provides boronate ester compounds having 
formula (1): 




(1) 



15 wherein: 

P is hydrogen or an amino-group protecting moiety; 

R is hydrogen or alkyl; 
Ais0,l,or2; 

tf, R J , and R s are independently hydrogen, alkyl, cydoafcyl, aryl, or -CH,- 

20 R s ; 

R', in each instance, is one of aryl aralkyl, alkaryl cydoalkyl heterocydyl 
heteroaryl, or -W-If, where W is a chalcogen and R* is alkyl; 

where *e ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocydyl, or heteroaryl in R 1 , *. R>or Rfcan be optionally substituted ; and 
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Z 1 and Z 3 together form a moiety derived from a sugar, wherein the atom 
attached to boron in each case is an oxygen atom. 

In a second aspect, the invention provides a composition comprising a 
compound of formula (2): 




(2) 



wherein: 



R 5 ; 



P is hydrogen or an amino-group-protecting moiety; 
R is hydrogen or alkyl; 
A is 0, 1, or 2; 

R 1 , R\ and R 3 are independently hydrogen, alkyl, cycloalkyl, aryl, or -CH,- 
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K , in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocydyl, 
heteroaryl, or -W-R ( , where W is a chalcogen and R 4 is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocydyl, or heteroaryl in R', R\ R'or R 5 can be optionally substituted; and 

Z 3 and Z 4 together form a moiety derived from a compound having at least 
two hydroxyl groups separated by at least two connecting atoms in a chain or 
ring, said chain or ring comprising carbon atoms and, optionally, a heteroatom or 
heteroatoms which can be N, S, or O; 

in a lyophilized powder. 

In a third aspect, the invention provides a method for formulating a 
boronic add compound, the method comprising: 

(a) preparing an aqueous mixture comprising 
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(i) a boronic acid compound; and 

(«) a compound having at least two hydroxyl groups separated by at 
least two connecting atoms in a chain or ring, the chain or ring comprising carbon 
atoms, and optionally, a heteroatom or heteroatoms which can be N, S, or O; and 

(b) lyophilizing the mixture. 

In a fourth aspect, the invention provides a method for formulating a 
boronic acid compound, the method comprising: 

(a) preparing a boronic acid anhydride compound; 

(b) mixing the boronic acid anhydride compound with water and a 
compound having at least two hydroxyl groups separated by at least two 
connecting atoms in a chain or ring, the chain or ring comprising carbon atoms, 
and, optionaUy, a heteroatom or heteroatoms which can be N, S, or O to produce 
an aqueous mixture; and 

(c) lyophilizing the mixture. 

In a fifth aspect, the invention provides compositions prepared by the 
methods of the invention. 

In a sixth aspect, the invention provides boronic acid anhydride 
compounds useful in the methods of the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention provides stable, pharmaceutical*/ acceptable compositions 
prepared from boronic acid compounds and methods for preparing the 
compositions. The invention also provides novel boronate ester compounds. The 
invention further provides boronic acid anhydride compounds useful in the 
methods of the invention. 
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The patent and scientific literature referred to herein establishes knowledge 
that is available to those with skill in the art The issued patents, applications, and 
references that are cited herein are hereby incorporated by reference to the same 
extent as if each was specifically and individuaHy indicated to be incorporated by 
reference. In the case of inconsistencies, the present disclosure will prevail. 
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For purposes of the present invention, the following definitions will be 

used: 

As used herein, the terms "formulate" and "formulation" refer to the 
preparation of a boronic acid compound in a form suitable for administration to a 
mammalian subject, preferably a human. Often, formulation of the boronic acid 
compound comprises addition of pharmaceutical^ acceptable excipients, 
diluents, or carriers. In some embodiments, formulation of the boronic add 
compound comprises formation of a chemical derivative of the boronic acid 
compound, preferably formation of a boronate ester. The term "formulation" 
refers to any form commonly used for pharmaceutical administration, including 
solids, liquids, suspensions, creams, and gels. For purposes of the present 
invention, the formulation is preferably a lyophifized powder. 

As used herein, the term "lyophilized powder" refers to any solid material 
20 obtained by lyophilization of an aqueous mixture. 

By "stable formulation" is meant any formulation having sufficient 
stability to have utility as a pharmaceutical agent. Preferably, the formulation has 
sufficient stability to allow storage at a convenient temperature, preferably 
between 0 °C and 40 »C, for a reasonable period of time, preferably longer than 
25 one month, more preferably longer than three months, even more preferably 
longer than six months, and most preferably longer than one year. 

As employed herein, the term 'boronic acid" refers to any chemical 
compound comprising a -B(OH) 2 moiety. Snyder et oL, J.. Am. Chem. Soc. 80: 3611 
(1958), teaches that arylboronic acid compounds readily form oligomeric 
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anhydrides by dehydration of live boronic acid moiety. Thus, unless otherwise 
apparent from context, the term 'boronic acid" is expressly intended to encompass 
freeboronic acids, oligomer* anhydrides, including, but not limited to, dimers, 
trimers, and tetramers, and mixtures thereof. 
5 As employed herein, the term "compound having at least two hydroxyl 

groups" refers to any compound having two or more hydroxyl groups. For 
purposes of the present invention, the two hydroxyl groups are preferably 
separated by at least two connecting atoms, preferably from about 2 to about 5 
connecting atoms, more preferably 2 or 3 connecting atoms. The connecung 
L0 atoms may be in a chain or a ring, the chain or ring comprising carbon atoms and, 
optionally, a heteroatom or heteroatoms which can be N, S, or O. For 
convenience, the term "dihydroxy compound" may be used to refer to a 
compound having at least two hydroxyl groups, as defined above. Thus, as 
employed herein, the term "dihydroxy compound" is not intended to be limited 
15 to compounds having only two hydroxyl groups. 

As employed herein, the term "amincgroup protecting moiety" refers to 
any group used to derivatize an amino group, especially an N-terminal ammo 
group of a peptide or amino acid. Such groups include, wilhout limitation, alkyl, 
acyl, alkoxycarbonyl, aminocarbonyl, and sulfonyl moieties. However, the term 
20 "amino-group protecting moiety" is not intended to be limited to those particular 
protecting groups that are commonly employed in organic synthesis, nor is ft 
intended to be limited to groups that are readily deavable. 

The term "chalcogen" as employed herein refers to the elements oxygen or 

sulfur. 

25 The tern "alkyl" as employed herein refers to straight and branched chain 

aliphatic groups having from 1 to 12 carbon atoms, preferably 1-8 carbon atoms, 
more preferably 1-6 carbon atoms, and still more preferably 1-4 carbon atoms, 
which may be optionally substituted wtth one, two or mree subsutuents. Unless 
otherwise explicitly stated, the term "alkyl" is meant to include saturated, 

30 unsaturated, and partially unsaturated aliphatic groups. When unsaturated 
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gxuups are partxcularly intended, the terms "alkenyl" or "alkynyl" will be used 
When only saturated groups are intended, the term "saturated alkyl" will be 
used. Preferred saturated alkyl groups mdude, without limitation, methyl ethyl 
propyl, isopropyl, butyl, isobutyl, ^-butyU^-butyl, pentyl, and hexyL 
5 The term "cydoalkyl" as employed herein includes saturated and partially 

unsaturated cyclic hydrocarbon groups having 3 to 12 carbons, preferably 3 to 8 
carbons, and more preferably 3 to 6 carbons, wherein the cydoalkyl group 
additionally znay be optionally substituted. Preferred cydoalkyl groups indude 
without limitation, cyclopropyl, cydobutyl, cyclopentyl, cydopentenyl, 
> cydohexyl, cydohexenyl, cydoheptyl, and cydooctyl. 

An "aryl" group is a C ( -C u aromatic moiety comprising one to three 
aromatic rings, which may be optionally substituted. Preferably, the aryl group is 
a Wo aryl group. Preferred aryl groups indude, without limitation, phenyl 
naphthyl, anthracenyl, and fluorenyl. An "aralkyl" or "arylalkyl'' group 
comprises a, aryl group covalently linked to an alkyl group, either of which may 
independently be optionally substituted or unsubstituted. Preferably, the aralkyl 
group is (C.-CJalk^aryl, induding, without limitation, benzyl, phenethyl 
and naphthylmethyl. An "alkaryl" or "alkylaryl" group is an aryl group having 
one or more alkyl substituents. Examples of alkaryl groups include, without 
Wauon, tolyl, xylyl, mesityl, ethylphenyl, ferf-butylphenyl, and 
methylnaphthyl. 

The terms "heterocyde", "heterocydic", and "heterocydyl" refer to any 
stable nng structure having from about 3 to about 8 atoms, wherein one or more 
atoms are selected from the group consisting of N, O, and S. The nitrogen and 
sulfur heteroatoms of the heterocyclic moiety may be optionally oxidized, and the 
nitrogen atoms may be optionally quaternized. The heterocyclic ring can be 
attached to its pendant group at any heteroatom or carbon atom that results in a 
stable formula. The term "stable compound" or "stable formula" is meant to refer 
to a compound that is suffidently robust to survive isolation to a useful degree of 
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purity from a reaction mixture and formulation into an efficacious therapeutic 
agent. 

The heterocyclic group may be optionally substituted on carbon at one or 
more positions wnh any of the substituente recited above. The heterocydic group 
may also independently be substituted on nitrogen with alkyl, aryl, aralkyl, 
alkylcarbony! alkylsulfonyl, arylcarbonyl, arytalfonyl, alkoxycarbonyl, 
arallcoxycarbonyl, oxo, or hydroxy, or on sulfur with oxo or lower alkyl. 
Preferred heterccydic groups indude, without limitation, epoxy, ariridmyl, 
tetrahydroteanyl, pyrroHdteyl, piperidinyl, piperarinyl, fluazolidutyl, 
oxazolidrnyl, oxazolidinonyl, and morpholinyl The heterocyclic group may also 
be fused to art aryl, heteroaryl, or heterrxydic group. Examples of such fused 
heterocyles indude, without limitation, tetrahydroquinoline and 
dihydrobenzofuran. 

. As used herein, the terms "heteroaryl" and "aromatic heterocyle" refer ,o 
groups having 5 to 14 ring atoms, preferably 5, 6, 9, or 10 ring atoms; having 6, 10, 
or H . elections shared in a cyclic array; srtd having, in addition ,0 carbon atoms, 
tom one ,0 about four, preferably *om one to about three, heteroatoms sefected 
from tire group consisting of N, O, and S. The heteroaryl group may be optionaUy 
substituted on c^bon a, one or more potions wim any of me subsutuents reoted 
above. Preferred heteroaryl groups indude, without limitation, thienyl, 
benzothienyl, furyl, benzofuryf, dibenzotayl, pyrrolyl, imidazolyl, pyrazolyl, 
pyridyl, pyrazmyl pyrimidhwl inddyl quinolyl, iso,uinolyl, quinoxalmyb 
tetrazolyl, oxazolyl, thiazolyL and isoxazolyl 

As employed herein, a "substituted" alkyl, cydoalkyl aryl, heterocydyl, or 
, heteroaryl group is one having from one and to about four, preferably from to 
about mree, more preferably one or two, non-hydrogen substuuent, Sudable 
substituents indude, without limitation, halo, hydroxy, oxo, nitre, haloaJkyl 
alkyl, alkaryl, aryl, araUryl, alkoxy, aryloxy, amino, acylamino, alkylcarbamoyl 
arylcarbamoyl, aminoalkyl, alkoxycarbonyl, carboxy, hydroxyalkyl, 
0 alkznesulfonyl, arenesulfonyl. alkanesuJfrmanudo.a^rtesultemudo, 
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aralkylsulfonamido, alkylcarbonyl, acyloxy, cyano, and ureido groups. Preferably 
the subsutuents are independently selected from the group consisting of C -C 
alkylQ-C, cydoalkyl, (Q-QalkyKC-Cycycloalkyl, C 2 -C,alkenyl, Q-C, alkynyl 
cyano, amino, C^alkylamino, diCQ-Qalkylamino, benzylamino, . 
dibenzylamino, nitro, carboxy, caibo^-Qalkoxy, trifluoromethyl, halogen C -C 
alkoxy, Q-Q, aryl, (Q-q^aryKQ-CJalkyl, (C s -CJaryl(q-C s )alkoxy / hydroxy, Q- ' 
C 6 alkylthio, Q-Q alkylsulfinyl, C r C 6 alkylsulfonyl, C 6 -C 10 arylthio, C -Q 

arylsulfinyl, C 6 -C 10 arylsulfonyl, C^ 0 aryl, (C^alkyKQ-CJaryl, and halo(C 6 - 
CJaryl. 

The term "halogen" or "halo" as employed herein refers to chlorine, 
bromine, fluorine, or iodine. 

The term oxo refers to an oxygen atom, which forms a carbonyl when 
attached to carbon, an N-oxide when attached to nitrogen, and a sulfoxide or 
sulfone when attached to sulfur. 

As herein employed, the term "acyl" refers to an alkylcarbonyl or 
arylcarbonyl substituent 

The term "acylamino" refers to an amide group attached at the nitrogen 
atom. The term "carbamoyl" refers to an amide group attached at the carbonyl 
carbon atom. The nitrogen atom of an acylamino or carbamoyl substituent may 
be additionally substituted. The term "sulfonamido" refers to a sulfonamide 
substituent attached by either the sulfur or the nitrogen atom. The term "ammo- 
is meant to include NH,, alkylamino, arylamino, and cyclic amino groups. 

The term "ureido" as employed herein refers to a substituted or 
unsubstituted urea moiety. 
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In a first aspect, the invention provides boronate ester compounds having 
formula (1): 
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(1) 
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wherein 

P is hydrogen or an amino-group protecting moiety; 
R is hydrogen or alkyl; 
A is 0, 1, or 2; 

R>, R 2 , and R 3 are independently hydrogen, alkyl, cycloalkyl, aryl, or -CHr 

R 5 ; 

tf, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl, 
heteroaryl, or -W-R 6 , where W is a chalcogen and R* is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocyclyl, or heteroaryl in R\ R*, R 8 or R 5 can be optionally substituted; and 

Z> and Z 2 together form a moiety derived from a sugar, wherein the atom 
attached to boron in each case is an oxygen atom. 

As used herein, the term "moiety derived from a sugar" refers to a moiety 
formed by removing the hydrogen atoms from two hy droxyl groups of any sugar 
moiety. The moiety derived from a sugar may be attached to boron by any two of 
the hydroxyl groups ofthe sugar. For example, in various embodiments me 
boronate ester forms a 5-, 6-, 7, 8-, or 9-membered ring. In some preferred 
embodiments, the boronate ester forms a 5- or (nnembered ring. 

The sugar is preferably a monosaccharide or disaccharide. Non-limiting 
examples of suitable sugars include, glucose, sucrose, fructose, trehalose, 
mannitol, and sorbitol. In certain preferred embodiments, the sugar is a reduced 
sugar, more preferably mannitol or sorbitoL Thus, in the embodiment wherein 
; the sugar is mannitol or sorbitol, Z> and Z? together form a moiety of formula 
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C^O,, wherein the oxygen atoms of the two deprotonated hydroxyl groups 
form covalent attachments with boron to form a boronate ester compound. 

Preferably, the mannitol or sorbitol boronate ester compound has one of 
the following structures: 





HQ 




O R 



HO < 



OH 




However, structures with larger boronate ester ring sizes are also possible. 

In certain preferred embodiments, the mannitol or sorbitol boronate ester 
forms a symmetrical 5-membered ring having the following structure: 




Preferably, the mannitol or sorbitol is of the D-configuration, although the 
L-configuration may also be used. In certain particularly preferred embodiments, 
Z' and Z 2 together form a moiety derived from D-mannitol. In these 
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embodiments, the boronate ester compound preferably has one of the following 
structures: 







N. 



H 



Ft* 




A 





QH 



OH 



However, structures with larger boronate ester ring sizes are also possible. 

In certain particularly preferred embodiments, the boronate ester 
compound has the following structure: 




10 



one 



The P moiety of the compound of formula (1) is preferably hydrogen or 
of R 7 -C(OK R 7 -S(0) r , R 7 -NH-C(OH or R'-O-C(O)- where R 7 is one of 
alkyl, aryl, alkaryl, or aralkyl, any of which can be optionally substituted, or when 
Y is R 7 -C(0)- or R 7 -S(0) 2 -, R 7 can also be an optionally substituted 5- to 10- 
membered saturated, partially unsaturated, or aromatic heterocyde. 
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In certain preferred embodiments, P is one of R 7 -C(0)- or R-S(0) 2 - and R ? 
is an optionally substituted 5- to 10-membered saturated, partially unsaturated, or 
aromatic heterocycle. Preferably, R' is an aromatic heterocycle, more preferably 
pyrazinyl, pyridyl, quinolyl, or quinoxalinyl, or a saturated heterocycle, 
5 preferably morpholinyl. In some preferred embodiments, P is (2- 
pyrazine)carbonyl or (2-pyrazine)sulfonyl. 

In some preferred embodiments, R is hydrogen. In some other preferred 
embodiments, R is alkyl, preferably C r C 6 alkyl, more preferably C,-C 4 alkyl, and 
most preferably methyl or ethyl. 

10 The variable A in formula (1) can be 0, 1, or 2. Thus, when A is zero, the 

residue within the brackets is not present and the boronate ester compound is a 
dipeptide. Similarly, where A is 1, the residue within the brackets is present and 
the compound is a tripeptide. Where A is 2, the compound is a tetrapeptide. In 
certain particularly preferred embodiments, A is zero. For purposes of the 
15 invention, the terms "peptide", "dipeptide", and "tripeptide" are intended to 

encompass compounds comprising natural amino acid residues, unnatural amino 
acid residues, or a combination of natural and unnatural amino acid residues. It 
will be apparent from formulae (l)-(3), that the terms "peptide", "dipeptide", and 
"tripeptide" are used herein to refer to compounds in which the carboxylic acid 
20 functionality of the C-terminal amino acid residue is replaced by a boronic acid or 
boronate ester functionality. 

It is preferred that the substituents R 1 , R 2 , and R J in formula (1) are each 
independently one of hydrogen,' Q-C 8 alkyl, Cj-Q, cycloalkyl, or C 4 -C u aryl, or 
-CHj-R 5 , wherein each of R l , R l , R*, and R 5 may be optionally substituted. More 
preferably, R 1 , R s , and R 3 are each independently one of C,-C 4 alkyl or -CHj-R*, 
and R 5 is one of cycloalkyl, aryl, heterocyclyl, heteroaryl, or -W-R 6 where W is 
chalcogen and R s is alkyl. Preferably, R s is one of C 6 -C u aryl, (Q-CJarfQ-C^alkyl, 
(Q-CJalktQ-CJaryl, Q-Q, cycloalkyl, Q-Qalkoxy, or C s -C, alkylthio or a 5- to 
10-membered heteroaryl ring. 

In certain preferred embodiments, the compound of formula (1) is one of: 

14 
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D-Mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronate; 

* 

D-ManrutolN-(2-qumolme)sutfonyl-L^^ 
boronate; 

D-Manrdtol NK3-pyridine)caTbonyl-L-phenylalanine-L-leudne boronate; 
5 D-Mannitol N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine 

boronate; 

D-Manrtitol N-(4-m^ 
boronate; 

D-ManrutolN-(8-qumolme)sulfo^ 
10 boronate; 

D-ManrutolN-(4-morpholine)carbon^ 
boronate; 

D-Mannitol N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronate; or 

D-ManratolN-(4-morpholme)carbonyH^ 
15 leucine boronate. 

In certain particularly preferred embodiments, the compound of formula 
(1) is D-Mannitol N-(2-pyrazme)carbonyl-lrphenylalanine-L-leucine boronate, 
preferably having the following structure: 




20 In a second aspect, the invention provides a composition comprising a 

compound of formula (2): 
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(2) 



wherein 



P is hydrogen or an amino-group-protecting moiety; 
R is hydrogen or alkyl; 
A is 0, 1, or 2; 



R 1 , R 2 , and R 3 are independently hydrogen, alkyl, cydoalkyl, aryl, or -CH,- 



R 5 ; 
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R 5 , in each instance, is one of aryl, aralkyl, alkaryl, cydoalkyl, heterocydyl, 
heteroaryl, or -W-R 6 , where W is a chalcogen and R 6 is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cydoalkyl, 
heterocydyl, or heteroaryl in R 1 , R 2 , R 3 or R s can be optionaUy substituted; and 

Z 3 and Z 4 together form a moiety derived from a compound having at least 
two hydroxyl groups separated by at least two connecting atoms in a chain or 
ring, said chain or ring comprising carbon atoms and, optionally, a heteroatom or 
15 heteroatoms which can be N, S, or O, wherein the atom attached to boron in each 
case is an oxygen atom; 

in a lyophilized powder. 

Preferred values for the variables P, R, A, R 1 , R 2 , R*, R 5 , and R 6 according to 
this aspect of the invention are as described above for the first aspect 

The term "moiety derived from a compound having at least two hydroxyl 
groups" according to this aspect of the invention is used analogously to the term 
"moiety derived from a sugar" described above, and thus refers to a moiety 
formed by removing the hydrogen atoms from two hydroxyl groups of 
compound having at least two hydroxyl groups. The moiety derived from 
compound having at least two hydroxyl groups may be attached to boron by the 
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a 
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oxygen atoms of any two of its hydroxyl groups. Preferably, the boron atom, the 
oxygen atoms attached to boron, and the atoms connecting the two oxygen atoms 
together form a 5- or 6-membered ring. Examples of suitable compounds having 
at least two hydroxyl groups ("dihydroxy compounds") include, without 
limitation, pinanediol, pinacol, perfluoropinacol, ethylene glycol, diethylene 
glycol, catechol, 1,2-cyclohexanediol, 1,3-propanediol, 2,3-butanediol, 1,2- 
butanediol, 1,4-butanediol, glycerol, and diethanolamine. 

For purposes of the present invention, the dihydroxy compound is 
preferably pharmaceutically acceptable and is preferably miscible or soluble in 
water or an alcoholic solvent. In some preferred embodiments, the dihydroxy 
compound is a sugar, as described above, preferably a monosaccharide or 
disaccharide, more preferably a reduced sugar, and most preferably sorbitol or 
mannitol. In certain particularly preferred embodiments, the dihydroxy 
compound is mannitol, most preferably D-mannitoL 

The composition according to this aspect of the invention is in the form of a 
lyophilized powder. In some preferred embodiments, the composition also 
comprises the free dihydroxy compound. Preferably, the dihydroxy compound 
and the compound of formula (1) are present in the mixture in a molar ratio 
ranging from about 0.5:1 to about 100:1, more preferably from about 5:1 to about 
100:1. In various embodiments, the dihydroxy compound and the compound of 
formula (1) are present in a ratio ranging from about 10:1 to about 100:1, from 
about 20:1 to about 100:1, or from about 40:1 to about 100:1. 

In some preferred embodiments, the composition further comprises one or 
more other pharmaceutically acceptable excipients, carriers, diluents fillers, salts, 
buffers, stabilizers, solubilizers, and other materials well known in the art. The 
preparation of pharmaceutically acceptable formulations containing these 
materials is described in, eg., Remington: The Science and Practice of Pharmacy, 20th 
Ed., ed. A. Gennaro, Lippincott Williams & Wilkins, 2000. 

The compounds and compositions according to the first and second aspects 
of the invention may be prepared by the methods described herein, or by any 
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method suitable to produce the compound or composition. For example, the 
boronate esters of formula (1) can be prepared from the corresponding boronic 
acids by lyophilization in the presence of mannitol or sorbitol, as described 
herein, or, alternatively, can be prepared from another boronate ester by 
5 transesterificatioru Alternatively, the boronate esters of formula (1) can be 

prepared by incorporation of the sugar moiety at an earlier stage in the synthesis. 

In a third aspect, the invention provides a method for formulating a 
boronic acid compound, the method comprising: 

(a) preparing an aqueous mixture comprising 
(0 a boronic arid compound; and 

(«0 a compound having at least two hydroxyl groups separated by at 
least two connecting atoms in a chain or ring, the chain or ring comprising carbon 
atoms, and optionally, a heteroatom or heteroatoms which can be N, S, or O; and 
(b) lyophilizing the mixture. 

15 In certain preferred embodiments, me aqueous mixture comprises one or 

more co-solvents in addition to water. Preferably, the co-solvent is miscible with 
water. More preferably, the co-solvent is an alcohol, including, without 
limitation, ethanol and ferf-butanol. The composition of the solvent mixture may 
range from about 5% to about 95% v/v alcohol. In some embodiments, the 
20 aqueous solvent mixture comprises from about 30% to about 50% alcohol, 
preferably from about 35% to about 45% alcohol. In certain preferred 
embodiments, the aqueous solvent mixture comprises about 40% fert-butanol. 

In some other embodiments, the aqueous solvent mixture comprises from 
about 1% to about 15% alcohol, preferably from about 5% to about 10% alcohol. 
25 In certain preferred embodiments, the aqueous solvent mixture comprises from 
about 5% to about 10% ethanol. 
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Preferably, the compound having at least two hydroxyl groups and the 
boronic acid compound are present in the mixture in a molar ratio ranging from 
about 1:1 to about 100:1. In various embodiments, the molar ratio of dihydroxy 
compound to boronic acid compound is about 10:1, 20:1, 30:1, 40:1, 50:1, 60:1, 70.1, 
80:1, 90: 1, or 100:1. Other ratios are also possible. Tb.ese ratios are approximate, 
and may vary somewhat for weighing ease. For example, in the formulation 
described in Example 1 below, the aqueous mixture contained dihydroxy 
compound and boronic acid compound in a 10:1 w/ w ratio, which corresponds to 
a 21:1 molar ratio. 

3 The aqueous mixture can be prepared by any order of addition. For 

example, in some embodiments, the dihydroxy compound is added to an aqueous 
mixture comprising a boronic acid compound. In some other embodiments, the 
boronic acid compound is added to an aqueous mixture comprising a dihydroxy 
compound. In still yet other embodiments, the boronic acid compound and 

5 dihydroxy compound can be added at the same time, or nearly at the same tune. 
In some embodiments, it may be advantageous initially to add the boronic aad 
compound and/or the dihydroxy compound to a solvent mixture contairung a 
higher percentage of co-solvent than is desired for the lyophilization step, and 
then dilute with water. 

Z0 In some preferred embodiments, the mixture further comprises one or 

more pharmaceutical^ acceptable excipiente, carriers, diluents fillers, salts, 
buffers, stabilizers, solubilizers, and other materials well known in the art. The 
preparation of pharmaceutical^ acceptable formulations containing these 
materials is described in, Remington: The Science ani Practice of Pharmacy, 20th 

25 Ed.,ed.A.Germaro,UppmcottWimams&Wi]Jdns,20^ 

Preferred compounds having at least two hydroxyl groups ("dihydroxy 
compounds") according to this aspect of the invention are as described above for 

/ 

the second aspect. 

In certain preferred embodiments, the boronic acid compound according to 
30 this aspect of the invention has formula (3): 
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(3) 



wherein 



10 



15 



20 



R 5 ; 



P is hydrogen or an ammo-group-protecting moiety; 
R is hydrogen or alkyl; 
A is 0, 1, or 2; 

R l , R\ and R 3 are independently hydrogen, alkyl, cycloalkyl, aryl, or -CH- 



R 5 , in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocydyl, 
heteroaryl, or -W-R«, where W is a chalcogen and R* is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocydyl, or heteroaryl in R 1 , R\ R'or R 5 can be optionally substituted; and 
Z 5 and Z* are each OH. 

Preferred values for the variables P, R, A, R 1 , R\ R 3 , R s , and R« according to 
this aspect of the invention are as described above for the first aspect 

In certain particularly preferred embodiments, the boronic add compound 
is one of: 

N-(2-pyrazine)carbonyl-L-phenylalanme-L-leucine boronic add; 
N-(2^uiru3line)sulfony^ boronic add; 

N-(3-pyridme)carbonyl-L-phenylalanme-L-leudne boronic add; 
N-(4-morpholme)caxbonyl-L-phenyManmeL-kucine boronic add; 
N-(4-morpholme)carbonyl-^(l-naphmyl)-L-danm^ boronic add; 
N-(8^umolme)sulfonyl-^(l-naph%l>L-alanme-L-leucine boronic add; 
N-(4-morpholme)carbonyl-(0-ben2yl)-L-tyrosmeWeucine boronic add; 
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N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic acid; or 

NK4-morpholme^ 
boronic acid. 

In a fourth aspect, the invention provides a method for formulating a 
5 boronic acid compound, the method comprising: 

(a) preparing a boronic acid anhydride compound; 

(b) mixing the boronic acid anhydride compound with water and a 
compound having at least two hydroxyl groups separated by at least two 
connecting atoms in a chain or ring, the chain or ring comprising carbon atoms, 

10 and, optionally, a heteroatom or heteroatoms which canbe N, S, or O to produce 
an aqueous mixture; and 

(c) lyophilizing the mixture. 

For purposes of the invention, the term "boronic acid anhydride" refers to a 
chemical compound formed by combination of two or more molecules of a 
15 boronic acid compound of formula (3), with loss of one or more water molecules 
from the boronic acid moieties. When mixed with water, the boronic acid 
anhydride compound is hydrated to release a free boronic acid compound of 
formula (3). 

In various embodiments, the boronic acid anhydride structure can 
20 comprise two, three, four, or more boronic acid units and can have a cyclic or 
linear configuration, ha some embodiments, the boronic acid anhydnde 
compound exists substantially in a single oligomeric form. However, the term 
"boronic acid anhydride compound" also encompasses mixtures of different 
oligomeric boronic acid anhydrides. 
25 Non-limiting examples of such oUgomeric boronic acid anhydrides are 

illustrated below: 
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15 




T 



(4) 



(5) 
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In formulae (4) and (5), n is an integer from 0 to about 10, preferably 0, 1, 2, 
3, or 4. W, at each occurrence, preferably has formula (6): 



O R' 

A (6) 



wherein P, R, R', R\ R', and A are as defined above for formulae (l)-(3). In some 
preferred embodiments, the boronic acid anhydride compound comprises a cydi, 
trimer ("boroxine") of formula (5), wherein n is 1 and W has the meaning given 
10 above. 

In some embodiments, at least 80% of the boronic acid present in the 
boronic acid anhydride compound exists in a single oligomeric anhydride form. 
In some embodiments, at least 85%, 90%, 95%, or 99% of the boronic acid present 
in the boronic acid anhydride compound exists in a single oligomeric anhydride 
form. In some embodiments, the boronic acid anhydride compound consists 
essentially of a single oligomeric boronic acid anhydride. In some embodiments, 
the boronic acid anhydride compound consists of a single oligomeric boronic acid 
anhydride. 

In some preferred embodiments, the boronic acid anhydride compound 
consists of, or consists essentially of, a boroxine of formula (5), wherein n is 1, and 
W has the meaning given above. In certain particularly preferred embodiments, 
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the boronic acid anhydride compound consists of, or consists essentially of, a 
boroxine having formula (7): 





(7) 



The boronic acid anhydride compound preferably can be prepared from 
5 the corresponding boronic acid compound of formula (3) by exposure to 
dehydrating conditions, including, but not limited to, recrystallization, 
lyophilization, exposure to heat, and/or exposure to a drying agent. Nonlimiting 
examples of suitable recrystallization solvents include ethyl acetate, 
dichloromethane, hexanes, ether, acetonitrile, ethanol, and mixtures thereof. 

10 In a fifth aspect, the invention provides compositions prepared according 

to the methods of the third or fourth aspects of the invention. In some preferred 
embodiments, formulation of a boronic acid according to the methods of the 
invention results in formation of a chemical derivative of the boronic acid 
compound, preferably formation of a boronate ester. In these embodiments, 

15 formulation of a boronic acid compound according to the method of the invention 
produces a composition comprising a boronate ester compound, according to the 
second aspect of the invention. 
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In some other embodiments, formulation of a boronic acid compound 
according to the method of the invention does not result in formation of a 
chemical derivative of the boronic acid compound. In these embodiments, the 
composition according to the fifth aspect of the invention comprises a boronic 
acid compound and a compound having at least two hydroxyl groups in a 
lyophilized powder. 

The compositions according to the second and fifth aspects of the invention 
can be readily reconstituted by adding an aqueous solvent. Preferably, the 
restitution solvent is suitable for pharmaceutical administration Examples of 
suitable reconstirution solvents include, without limitation, water, saline, and 
phosphate buffered saline (PBS). For clinical use, the compositions according to 
the second or fifth aspects of the invention are preferably reconstituted with 
sterile saline (0.9% w/v). 

Upon reconstirution in aqueous medium, an equilibrium is established 
between any boronate ester present in the composition and the corresponding 
boronic acid. Typically, equilibrium is reached quickly, e.g., within 10-15 
minutes, after the addition of water. The relative concentrations of boronate ester 
and boronic acid present at equilibrium is dependent upon the pH of the solution, 
temperature, and the ratio of dihydroxy compound to boronic acid compound. 

In a sixth aspect, the invention provides a boronic acid anhydride 
compound useful for the methods of the invention. Preferred boronic acid 
anhydride compounds are as described above for the fourth aspect of the 
invention When mixed with water, the boronic acid anhydride compound is 
hydrated to release the free boronic acid. 

The following examples are intended to further illustrate certain preferred 
embodiments of the invention, and are not intended to limit the scope of the 
invention 
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EXAMPLES 



Example 1: Preparation of a lyophilized formulation of 

carbonyl-L-phenylalanine-L-leucine boromc aad with D-mannitol 

Approximately 40 mg of NK2-pyrazme)carb(myl-L-phenylalanine-L- 
leucine boronic acid was weighed into a container, and 16 mL of fert-butanol was 
added. The container was closed and the suspension was warmed to 
approximately 45 °C for 5 minutes to complete dissolution of the compound. 
Water (24 mL) was added with stirring, followed by 0.4 g of mannitol, added as 
an excipient, 1% w/v. The mixture was stirred to complete dissolution and then 
cooled to ambient temperature. The solution was filtered through a 0.45 um 
nylon membrane. One millihter aliquots were placed in 5 mL serum botdes. Spin- 
rubber stoppers were partially inserted into the bottles, and the bottles were 
placed in a freeze dryer with a shelf temperature of -45 °C. After approximately 1 
hour, the vacuum was applied. The shelf temperature was allowed to rise 
gradually to -35 °C and maintained at -35 °C until the ice was gone from the 
samples (approximately 40 hours). The shelf temperature control was then turned 
off and the shelf temperature was allowed to gradually rise to 0 °C. A secondary 
drying cycle was carried out by increasing the shelf temperature in 3 increments 
to 25 °C over a time period of 1.5 hours. The shelf temperature was maintained at 
25 °C for 2 hours. The samples were sealed under nitrogen and removed from the 
freeze dryer. 

The residual moisture content of the samples was determined by Karl 
Fischer analysis, using three lyophilized products. The water content was 0.88% 
by weight. 

Fast Atom Bombardment (FAB) mass spectral analysis of the lyophilized 
product showed a strong signal at m/z = 531 (see Figure), indicative of formation 
of a covalentboronate ester adduct between N-(2-pyrazine)carbonyl-L- 
phenylalanine-L-leudne boronic acid and D-mannitol. Glycerol was employed as 
the matrix, and a signal for the glycerol adduct with N-(2-pyrazine)carbonyl-L- . 
phenylalanine-L-leucine boronic acid was observed at m/z = 441. However, the 
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intensity of the signal at m/z= 441 was veiy low compared to the signal at m/z = 
531, possibly indicative of the enhanced stability of the D-mannitol adduct. 

Example 2: Production-scale preparation of a lyophilized formulation of N-(2- 

pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid with 
D-mannitol 

In a clean compounding vessel, a solution of 97% fert-butanol/3% Water 
for Injection was prepared by warming the required amount of iert-butanol to 35 
°C and adding Water for Injection. Approximately 5% of the solution was 
reserved for use in rinsing. The solution was cooled to 15-30 °C, and N-(2- 
pyrazine)carbonyl-L-phenylalanine-L-leucine boroxine was added with stirring. 
The container was rinsed with the reserved ferf-butanol/water solution, and the 
rinses were added to the main vessel. The mixture was stirred until the boronic 
acid compound was completely dissolved. Mannitol was added, with residual 
mannitol being rinsed into the reaction vessel with fresh Water for Injection. 
Sufficient Water for Injection was added to reduce the total alcohol content to 40% 
v/v. The mixture was stirred until the mannitol was completely dissolved. The 
mixture was filtered through a 0.22 micron filter. Aliquots of the filtered solution 
were placed into previously sterilized vials. The vials were sealed with 
lyophilization stoppers and were placed on lyophilizer chamber shelves 
maintained at -45 °C. After two hours, the freeze dryer chamber was evacuated 
and the chamber pressure was adjusted to 100-200 microns with sterile nitrogen. 
The lyophilizer chamber shelves were warmed to -30 °C using an appropriate 
ramp rate, and held at that temperature for 10-15 hours. After each of the product 
thermocouples read -33 °C or warmer, the shelf temperature was adjusted to -15 
°C over 7 hours using an appropriate ramp rate and maintained at mat 
temperature for 5 hours. After all product thermocouples recorded the shelf 
temperature, the shelf was warmed to 0 °C over a period of at least 7 hours using 
an appropriate ramp rate. When all thermocouples recorded 0 °C, the shelf was 
warmed to 27 °C and maintained at that temperature for 4 hours. At the end of 
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the terminal drying phase, the chamber pressure was restored using sterile 
nitrogen, and the vials were sealed and removed. 

The mannitol boronate structure was confirmed by mass spectrometry 
(positive ion or electrospray, acetonitrile solution) and U C NMR 

The U C NMR (d,-DMSO) spectrum revealed three new mannitol carbon 
signals, as compared with the same region of the spectrum for free mannitol. This 
result indicates formation of a symmetrical mannitol complex as illustrated below: 




10 Example 3: Preparation of W2-pyrazine)carbonyl-L-phenylalanine-L-leucine 

boroxine 

(lS,2S,3R^S)-PmmediolN-(2-pyrazme)carbonyl-L-phenylalanine-L- 
leucine boronate was synthesized according to the procedures described in 
Adams et al, U.S. Patent No. 5,780,454 (1998) and dissolved in a mixture of 

15 methanol and hexanes at room temperature. liberation of the terminal boronic 
acid sub-unit from the pinanediol protecting group was effected by treatment 
with 2-methylpropaneboronic acid and aqueous hydrochloric acid in methanol 
and hexanes at room temperature. The progress of the reaction was assessed by 
thin layer chromatography. The reaction mixture was partitioned with 

20 hexanes/methanol and the aqueous methanol layer was concentrated to afford a 
solid. The solid was reconstituted with aqueous sodium hydroxide. After washing 
with dichloromethane, the aqueous layer was acidified with aqueous 
hydrochloric acid. The product was extracted using dichloromethane. After 
drying with magnesium sulfate, the batch was filtered and the dichloromethane 

25 was removed under reduced pressure. Hexanes were added and crude product 
was isolated by further stripping of solvent The product was recrystallized from 



27 



WO 02/059131 



PCT/US02/02086 



ethyl acetate, collected by filtration and dried under vacuum at 65 - 70°C. When 
the material was dry, it was packaged in amber glass bottles with teflon-lined 
caps, labeled, and stored at -20°G 



as 



The product has the trimeric boroxine structure shown below, 
5 supported by the results of mass spectrometry, «H NMR, and elemental analysis. 




10 



15 



Mass spectral analysis (positive ion, electrospray) of an acetonitrile solution 
of the product exhibited sodium, proton, and potassium adducts of trimeric 
boroxine at m/z = 1121, 1099, and 1137, respectively. No monomeric boronic acid 
was observed in any adduct form. 

The l H NMR (d r DMSO) spectrum showed no BOH resonance, suggesting 
the presence of the boroxine structure. 

X-ray powder diffraction and polarized-Iight microscopy analysis 
demonstrated the crystalline nature of the product, and dynamic vapor sorption 
studies demonstrated its non-hygroscopic nature, consistent with the anhydride 
structure. 
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Example 3: Reconstitute of N.(2.pyrazine)carbonyl-L.phenylalanine.L. 

leucine boronic acid 

The lyophilized formulation of NK2-pyrazme)carbonyl-L-phenyldaruneL- 
leucine boronic acid with D-mannitol was prepared as described in Example 1. 
5 One sample was reconstituted with 2 mL of water. Dissolution was complete 

within 1-2 minutes of shaking. The entire solution was transferred to a volumetric 
flask, diluted, and analyzed by HPLC for content of N-(2-pyrazme)carbonyl-L- 
phenylalanine-L-leucine boronic acid. The total drug content was 1.09 mg. A 
second sample was reconstituted with 1 mL of propylene glycol:EtOH:Hp,- 
10 40:10:50. Dissolution was complete with 1 minute of shaking. The total, drug 
content was 1.11 mg. 

The lyophilized formulation was also reconstituted with 0.9% w/v saline. 
The lyophilized material dissolved readily at concentrations up to 6 mg/mL. By 
contrast, solid N-(2-pyrazme)carbonyl-L-phenylalardne-Weucme boronic acid 
15 was not soluble in 0.9% w/v saline at a concentration of 1 mg/mL. 

To be certain that free N-(2-pyrazme)carbonyl-L-phenylalamne-L4eucine 
boronic acid was rapidly liberated upon reconstitution of the lyophilized 
formulation in aqueous solution, the lyophilized formulation was dissolved in 
neat DMSO and assayed for inhibition of the chymotrypsin-like activity of the 20S 
20 proteasome as described in U.S. Pat. No. 5,780,454. Proteasome inhibition can 
only be observed if hydrolysis under the assay conditions is fast. The observed K, 
value of 0.3 nM is equivalent to that observed for free N-(2- P yrazine)carbonyl-L- 
phenyldanine-L-leucine boronic acid, indicating complete and rapid hydrolysis of 
the D-mannitol adduct under the assay conditions. 



25 



Example 4: HPLC Analysis of N-(2-pyrazme)carbonyl-L-phenylalanine-L- 

leucine boronic acid 

System parameters: 

Column: Adsorbosphere-HS-CIS, 5 u, 250 x 4.6 mm 
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Mobile Phase: 
Flow Rate: 

Detection/Sensitivity: 
Injection volume: 



65/35: methanol/water containing 0.1% TFA 
1.0 mL/min 

PDA and UV at 255 ran, 0.1 aufs 
25 uL 



5 Internal Standard Solution : 0.18 mg/mL diphenylamine in methanol 



Sample Pr eparation - 



q-iromatographir pa rameters: 



Accurately weighed 0.5-1.5 mg portions of the 
sample or reference standard were dissolved in 
2.00 mL of the internal standard solution. 



10 



15 



20 




AT and 2W I/2 are, respectively, the differences in retention times and the 
sum of the mid-width of the sample and internal standard peaks! Minor variation 
of the mobile phase is allowed to achieve results swcdlai to those above. 



Example 5: Stability of formulations 

Solid N-f2-pvra^ine)carhonvl-Trphenv1 a l a nin 0 -T . i eudne hnrnniV ariA 

N-(2-pyra2me)carbonyl-L-phenylalanine-L-leucine boronic acid was 
prepared as described in U.S. Pat No. 5,780,454. The product was obtained as a 
white amorphous powder. The product was stable for more than 2 years when 
stored at -20 »C, as determined by HPLC analysis (purity >97%). When stored at 
2-8 °C, the product was not stable for longer than 3-6 months. 
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I i T iA M-(7- r Yr a7 inpV a rbor y1-T.-ph e nvlalaninp-T,1Pun^eboronic acid 

A sterile liquid formulation (0.5 mg/mL) of N-(2-pyrazine)carbonyl-L- 
phenylalanme-L-leucine boronic acid was prepared in 0.9% w/v saline, 2% v/v 
ethanol and 0.1% w/v ascorbic acid. When stored at 2-8 °C, the liquid 
5 formulation was not stable for longer than 6 months, as determined by HPLC 
analysis. 

T yojhjUzed n- ma nnitol N-(?- r y ™™ P 1rarbonv1-T -phenyl alanine-L-leucine 
boronate 

The lyophilized product was prepared according to Example 1 and stored 
10 at 5 °C, ambient temperature, 37 °C, and 50 "C. Stability was monitored for 

approximately 18 months by periodically reconstituting a sample and analyzing 
the entire contents of the bottle by HPLC. Over this time period, there was no loss 
of drug in the lyophilized product stored at any temperature and no evidence of 
degradation product peaks in the HPLC chromatograms. 



15 



rc^stihited s o inHnn nf N-tt-pvrazineVarbonyl-T -p hen ylalanine-L-leuri: 
boronic acid 



The lyophilized product was prepared according to Example 1, and 
samples (2.5 mg/vial) were reconstituted with 2.5 mL of 0.9% w/v sterile saline. 
Dissolution was complete within 10 seconds and afforded a clear colorless 
20 solution containing 1 mg/mL of N-(2-pyrazme)carbonyl-L-phenylalanine-L- 

leucine boronic acid. The solution showed no sign of degradation when stored at 
ambient temperature (23 °C) for 43 hours. No special care was taken to protect 
the solution from light. 
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1. 



A compound having formula (1): 




wherein: 



(i) 



R 5 ; 



P is hydrogen or an amino-group protecting moiety; 
R is hydrogen or alkyl; 
A is 0, 1, or 2; 

R', R J , and R 3 are independently hydrogen, alkyl, cycloalkyl, aryl, or -CH,- 



15 



K , in each mstance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocyd) 
heteroaryl, or -W-R 4 , where W is a chalcogen and R 6 is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocydyl, or heteroaryl in R l , R\ R'or R'can be optionally substituted; and 

Z l and Z J together form a moiety derived from a sugar, wherein the atom 
attached to boron in each case is an oxygen atom. 



2. The compound of claim 1, wherein the sugar is a monosaccharide 
20 disaccharide. 



or 



3. 



The compound of claim 1, wherein the sugar is a reduced sugar. 
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4. The compound of claim 3, wherein the reduced sugar is mannitol or 
sorbitol. 



5. Hie compound of claim 1, wherein Z l and Z 1 together form a moiety 
5 derived from D-mannitol. 

6. The compound of claim 1, wherein P is one of R 7 -C(0)-, R 7 -S(0) r , 
R 7 -NH-C(0)-, or R 7 -0-C(0)-; 

where R 7 is one of alkyl, aryl alkaryl, or aralkyl, any of which can be 
10 optionally substituted, or when Y is R 7 -C(C»- or R 7 -S«D) 2 -, R 7 can also be an 
optionaUy substituted 5- to 10-membered saturated, partially unsaturated, or 
aromatic heterocyde. 

7. The compound of claim 6, wherein P is R 7 -C(0)- or R 7 -S(0) 2 -, and 
15 R 7 is an aromatic heterocyde. 

8. The compound of claim 7, wherein P is (2-pyrazine)carbonyl or (2- 
pyrazine)sulfonyl. 



20 9. The compound of claim 6, wherein 

A is zero; 

R is hydrogen or Q-C, alkyl; and 
R 3 isQ-C 6 alkyl. 

25 10. The compound of claim 9, wherein P is (2-pyrazine)carbonyl or (2- 

pyrazine)sulfonyl. 
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11. The compound of claim 6, wherein; 



R , R J and R 3 are each independently one of hydrogen, C,-C 8 alkyl, Q-Q, 
cycloalkyl, or C 6 -C u aryl, or -CH^R 5 ; 

5 R s , in each instance, is one of C 6 -C l0 aryl, (C 6 -C Jar(C r C 6 )alkyl, (Q- 
Q)alk(C 6 -C 10 )aryl, C 3 -C 10 cycloalkyl, C,-C 8 alkoxy, or Q-C, alkylthio; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocydyl, or heteroaryl groups of R 1 , R\ R 3 or R 5 can be optionally substituted. 



15 



10 12. The compound of claim 1, wherein said compound is 

one of: 

D-Mannitol NK2-pyrazme)carbonyl-L-phenylalanine-L-leucine boronate; 

D-Mannitol N-(2-qumolme)sulfonyl-L-homophenylalanine-L-leucine 
boronate; 

D-Mannitol N-(3-pyridme)carbonyl-L-phenylalaruneL-leucine boronate; 

I>MannitolN-(4-morpholme)carbonyl-L-phenylalanme-L-leucine 
boronate; 

D-MarmitolN-(4-morpholme)carbonyl-p-(l-naphmyl)-L-alanme-L4 
boronate; 

20 D-Mannitol ^8-qumolme)sulfonyl-p-(l-naph%l)-L-alanme-L-leucine 

boronate; 

D-Mannitol N-(4-morpholme)carbonyl-(0-benzyl)-I^tyrosine-L-leucine 
boronate; 



D-Mannitol NK4-morpholme)carbonyl-I^tyrosine-L-leucine boronate; 



or 



25 



I>Maruutol N-<4-morpholme^ 
leucine boronate. 



34 



WO 02/059131 



PCTAJS02/02086 



13. The compound D-mannitol N-(2-pyrazine)carbonyl-L- 
phenylalanine-L-leucine boronate. 



10 



14. A compound having formula (8): 




15 



wherein: 

P is hydrogen or an amino-group protecting moiety; 
R is hydrogen or alkyl; 
A is 0, 1, or 2; 



(8) 



-CH,- 



R 5 ; and 

R 5 , in each instance, is one of aryl, aralkyl, alkaryl, cydoalkyl, heterocydyl, 
heteroaryl, or -W-R s , where W is a chalcogen and R 6 is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocydyl, or heteroaryl in R\ R*, R 3 or R s can be optionally substituted. 



15. A compound having formula (9) : 




(9) 
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10 



15 



16. A composition comprising a compound of formula (2) 




(2) 



wherein: 



R 5 ; 



P is hydrogen or an amino-group-protecting moiety; 
R is hydrogen or alkyl; 
A is 0, 1, or 2; 

R , R , and R are independently hydrogen, alkyl, cycloalkyl, aryl, or -CH,- 



R s , in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocydyl, 
heteroaryl, or -W-R 6 , where W is a chalcogen and R 6 is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocydyl, or heteroaryl in R 1 , R 2 , R'or R 5 can be optionally substituted; and 

Z 3 and Z 4 together form a moiety derived from a compound having at least 
two hydroxyl groups separated by at least two connecting atoms in a chain or 
ring, said chain or ring comprising carbon atoms and, optionally, a heteroatom or 
heteroatoms which can be N, S, or O; 

in a lyophilized powder. 



20 17. The composition of daim 16, wherein P is one of R 7 -C(OK R -S(0) s 

, R -NH-C(OK or R 7 -O-C(0)-; 

where R 7 is one of alkyl, aryl, alkaryl, or aralkyl, any of which can be 
optionally substituted, or when Y is R 7 -C(0)- or R -S(0) 2 -, R 7 can also be an 
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optionally substituted 5- to 10-membered saturated, partially unsaturated, or 
aromatic heterocycle. 



18. The composition of claim 17, wherein P is R 7 -C(0)- or R -S(0) r , 
5 and R 7 is an aromatic heterocycle. 



19. The composition of claim 18, wherein P is (2-pyrazine)carbonyl or 
(2-pyrazine)sulfonyl. 



10 20. The composition of claim 17, wherein: 

A is zero; 

R is hydrogen or Q-C, alkyl; and 
R 3 is Q-C 6 allcyl. 



15 21. The composition of claim 20, wherein P is (2-pyrazine)carbonyl or 

(2-pyrazine)sulfonyl. 



22. The composition of claim 16, wherein the compound having at least 
two hydroxyl groups is a sugar. 

20 

23. The composition of claim 22, wherein the sugar is a monosaccharide 
or disaccharide. 



24. The composition of claim 22, wherein the sugar is a reduced sugar. 



25 
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25. The composition of claim 24, wherein the reduced sugar is mannitol 
or sorbitol. 



26. The composition of claim 16, wherein Z 3 and Z 4 together form 
5 moiety derived from mannitoL 



10 



27. The 



composition of claim 26, wherein the mannitol is D-mannitol. 



28. The composition of claim 17, wherein: 

R\ R J and R 3 are each independently one of hydrogen, Q-C 8 alkyl, C 3 -Q 0 
cycloalkyl, or C 6 -C M aryl, or -CH.-R 5 ; 

R 5 , in each instance, is one of C 6 -C 10 aryl, (Q-QXQ-CJalkyl, (Q- 
C 6 )alk(C 6 -CJaryl, C 3 -C 10 cycloalkyl, C,-C 8 alkoxy, or Q-C, alkylthio; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl 
15 heterocydyl, or heteroaryl groups of R 1 , R', R 3 or R s can be optionally substituted. 

29. The composition of claim 16, comprising one of: 

D-Mannitol N-(2-pyrazme)carbonyl.L-phenylalanme-L-leucine boronate; 

D-Mannitol NK2-<^olme)sulfonyl-L.homophenyManme-L-leucine 
20 boronate; 

D-Mannitol N-(3-pyridme)carbonyl-L-phenylalanme-L-leucine boronate- 

D-Mannitol N-(4-morpholme)carbonyl-L-phenylalarune-L-leucine 
boronate; 

D-MannitolN^morpholmeJcaxbonyl-Nl-naphmylH-al^ 
25 boronate; 
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boronate; 

D-MamitolNK4-morp^^ 
boronate; 

5 D-Mannitol NK4-morpholme)carbonyl-L-tyrosine-L-leucine boronate; or 

D-MaroutolN^orpto^ 
leucine boronate. 

30. A composition, comprising D-mannitol N-(2-pyrazine)carbonyl-L- 
10 phenylalanine-L-leucine boronate in a lyophilized powder. 



31 



A composition, comprising a compound of formula (8): 




(8) 



wherein: 

15 P is hydrogen or an amino-group-protecting moiety; 

R is hydrogen or alkyl; 
A is 0, 1, or 2; 

R 1 , R*, and R 3 are independently hydrogen, alkyl, cydoalkyl, aryl, or 
-CHj-R 5 ; and 

tf, in each instance, is one of aryl, aralkyl, alkaryl cydoalkyl, heterocyclyl, 
heteroaryl, or -W-R 6 , where W is a chalcogen and R 6 is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cydoalkyl, 
heterocydyl, or heteroaryl in R 1 , R', R'or R 5 canbe optionally substituted; 



20 
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in a lyophilized powder. 



32. 



A composition, comprising a compound of formula (9): 




in a lyophilized powder. 



(9) 



10 



15 



33. A method for formulating a boronic acid compound, the method 
comprising: 

(a) preparing an aqueous mixture comprising 
(0 a boronic acid compound; and 

(«) a compound having at least two hydroxyl groups separated by at 
least two connecting atoms in a chain or ring, the chain or ring comprising carbon 
atoms, and optionally, a heteroatom or heteroatoms which can be N, S, or O; and 
(b) lyophilizing the mixture. 



34. The method of claim 33, wherein the boronic acid compound has 
formula (3): 




(3) 



wherein: 



20 



P is hydrogen or an amino-group-protecting moiety; 
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R is hydrogen or alkyl; 
Ais0,l,or2; 

R\ R J , and R 3 are independently hydrogen, alkyl cycloalkyl, aryl, or -CH,- 

R s ; 

5 *, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl, 

heteroaryl, or -W-R 6 , where W is a chalcogen and R< is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocyclyl, or heteroaryl in R\ R 2 , R'or R 5 canbe optionally substituted; and 

Z 5 and Z 6 are each OH. 

10 

35. The method of claim 34, wherein P is one of R 7 -C(P>-, R 7 -S(G) 2 -, R 7 - 
NH-C(OH or R 7 -0-C(0)-; 

where R 7 is one of alkyl, aryl, alkaryl, or aralkyl, any of which canbe 
optionally substituted, or when Y is R'-QO)- or R 7 -S(0) r , R' can also be an 
15 optionally substituted 5- to 10-membered saturated, partially unsaturated, or 
aromatic heterocycle. 

36. The method of claim 35, wherein P is R 7 -C(0)- or R'-S(0) 2 -, and R 7 
is an aromatic heterocycle. 

20 

37. The method of claim 36, wherein P is (l-pyrazmejcaibonyl or (2- 
pyrazine)sulfonyl. 



38. The method of claim 35, wherein: 

25 A is zero; 

R is hydrogen or Q-C 8 alkyl; and 
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R 3 is Q-Q alkyl. 



39. The method of claim 38, wherein P is (2-pyrazine)carbonyl or (2- 
pyrazme)sulfonyl. 



40. The method of claim 35, wherein: 

R\ R J and R 3 are each independently one of hydrogen, Q-C, alkyl, 
cydoalkyl, or C 6 -C 10 aryl, or -CH.-R 5 ; 

R 5 , in each instance, is one of C 6 -C ie aryl, (C 6 <: Jar^-Qalkyl, (Q- 
CJalkCQ-CJaryl, Q-C,,, cydoalkyl, Q-Qalkoxy, or Q-C 8 alkylthio; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cydoalkyl, 
heterocydyl, or heteroaryl groups of R 1 , R 2 , R 3 or R 5 can be optionally substituted. 



of: 



41. The method of daim 33, wherein the boronic add compound 



is one 



N-(2-pyrazme)carbonyl-L-phenylalaruneWeucine boronic add; 
N-(2^umolme)sulfonyl-L-homophenylalanineL-leucine boronic add; 
N-(3-pyricime)carbonyl-I^phenylalanine-L-leucine boronic add; 
N-(4-morpholme)carbonyl-I^phenylalanmeL-leudne boronic add; 

N-(4-moipholme)carbonyl-p-(l-naphmyl)-L-alanmeWeucine boronic add; 
*H8^umolme)sulfcmyl-^l^ boronic add; 

N-(4-morpholme)carbonyl-(abenzyl)-L-tyrosmeL-leucine boronic add; 
N-(4-morpholme)carbonyl-L-tyrosine-L-leucine boronic add; 

N-(4-morpholme)carbonyl-[a(2-pyridylmemyl)]-L-tyrosme-L-leuc^^ 
boronic add. 
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42. The method of claim 33, wherein the boronic acid compound is 
N-(2-pyrazme)carbonyl-L-phenylalanine-L4eucine boronic acid. 



43. The method of claim 33, wherein the compound having at least two 
5 hydroxyl groups is pharmaceutical^ acceptable. 



44. The method of claim 43, wherein the compound having at least two 
hydroxyl groups is a sugar. 



10 45. The method of claim 44, wherein the sugar is a monosaccharide or 

disaccharide. 



46. The method of claim 45, wherein the sugar is a reduced sugar. 



15 47. The method of claim 46, wherein the reduced sugar is mannitol or 

sorbitol. 



48 The method of claim 33, wherein the compound having at least two 
hydroxyl groups is mannitol. 

20 

49. The method of claim 48, wherein the mannitol is D-mannitoL 



50. The method of claim 33, wherein the aqueous mixture further 
comprises a water-miscible co-solvent. 

25 
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51. The method of claim 50, wherein the water-miscible co-solvent is an 
alcohol. 



52. A method for formulating a boronic acid compound, the method 
5 comprising: 

(a) preparing a boronic acid anhydride compound; 

(b) mixing the boronic acid anhydride compound with water and a 
compound having at least two hydroxyl groups separated by at least two 
connecting atoms in a chain or ring, the chain or ring comprising carbon atoms, 
and, optionally, a heteroatom or heteroatoms which can be N, S, or O to produce 
an aqueous mixture; and 

(c) lyophilizing the mixture. 



53. The method of claim 52, wherein the boronic acid anhydride 
15 compound comprises one or more compounds of formulae (4) and (5): 



20 



wherein: 



I ft V 



(4) 



( XjX. 

I w x of w 

(5) 



n is an integer from 0 to about 10; 
W, at each occurrence, has formula (6): 
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(6) 

wherein: 

P is hydrogen or an amino-group protecting moiety; 
R is hydrogen or alkyl; 

5 Ais0,l,or2; 

RV R 7 , and R 9 are independently hydrogen, alkyl, cydoalkyl, aryl, or -CH,- 

R 5 ;and 

R', in each instance, is one of aryl, aralkyl, alkaryl, cydoalkyl, heterocydyl, 
heteroaryl, or -W-R 4 , where W is a chalcogen and R 6 is alkyl; 
10 where the ring portion of any of said aryl, aralkyl, alkaryl, cydoalkyl, 

heterocydyl, or heteroaryl in R\ R 7 , R 3 or R 5 can be optionally substituted. 

54. The method of daim 53, wherein P is one of R 7 -C(OK R 7 -S(0) 2 -, R 7 - 
NH-C(O)-, or R 7 -O-C(0)-; 
15 where R 7 is one of alkyl, aryl, alkaryl, or aralkyl, any of which canbe 

optionally substituted, or when Y is R 7 -C(0)- or R 7 -S(0) 2 -, R 7 can also be an 
optionally substituted 5- to 10-membered saturated, partially unsaturated, or 
aromatic heterocyde. 

20 55. The method of daim 54, wherein P is R 7 -C(0)- or R 7 -S(0) 2 -, and R 7 

is an aromatic heterocyde. 

56. The method of daim 55, wherein P is (2-pyrazine)carbonyl or (2- 
pyrazine)sulfonyl. 
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57. The method of claim 54, wherein: 
A is zero; 

R is hydrogen or C r C 8 alkyl; and 
R 3 is C r C 6 alkyl. 



58. The method of claim 57, wherein P is (2-pyrazine)carbonyl or 
(2-pyrazine)sulfonyl. 



10 



15 



20 



25 



10 59. The method of claim 54, wherein: 

R 1 , R J and R 3 are each independently one of hydrogen, Q-C 8 alkyl, Q-C 
cydoalkyl, or q.-C. aryl, or -CH^R 5 ; 

R 5 , in each instance, is one of Q-C 10 aryl, (Q-CJar^-C^alkyl, (Q- 
C 6 )alk(C 6 -C 1() )aryl, C,-C 1(( cydoalkyl, Q-C.alkoxy, or Q-C 8 alkylthio; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cydoalkyl, 
heterocydyl, or heteroaryl groups of R 1 , R', R 3 or R* can be optionally substituted. 



60. The method of daim 52, wherein the boronic add anhydride 
compound comprises an anhydride of one of: 

NK2-pyrazme)carbonyl-L-phenyldanine-L-leudne boronic add- 
N-(2-q^olme)sulfonyl-L-homophenylalanme-Weucine boronic add; 
NK3-pyridine)carbonyl-L-phenylalanme-Weucine boronic add; 
N-(4-morpholme)carbonyl-L-phenylalanine-L-leucine boronic add; 
N-(4-moipholme)carbonyl-p-(l-naphmyl)-L-alanme-Weu^ boronic add; 
N-(8-(^olme)sulfonyl-PKl-naphmylH-alanme-L-leudn^ boronic add; 
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NH4-morpholine)carbonyHO-benzyl)-l^tyrosine-L4eucine boronic acid; 
N-(4-morpholine)carbonyl-L-tyrosine-L4eucine boronic acid; 

NK4-morpholme)carbonyl-[^ 
boronic acid. 

5 

61. The method of claim 52, wherein the boronic acid anhydride 
compound comprises an anhydride of N^-pyrazm^carbonyl-L-phenyldanine-L- 

leucine boronic acid. 

10 62. The method of claim 53, wherein the compound having at least two 

hydroxyl groups is pharmaceutical^ acceptable. 

63. The method of claim 62, wherein the compound having at least two 
hydroxyl groups is a sugar. 

15 

64. The method of claim 63, wherein the sugar is a monosaccharide or 
disaccharide. 

65. The method of claim 64, wherein the sugar is a reduced sugar. 

20 

66. The method of claim 65, wherein the reduced sugar is mannitol or 

r 

sorbitol. 



67. The method of claim 62, wherein the compound having at least two 
25 hydroxyl groups is mannitol. 
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68. The method of claim 67, wherein the mannitol is D-mannitoL 



69. The method of claim 53, wherein the aqueous mixture further 
comprises a water-miscible co-solvent. 



70. The method of claim 69, wherein the water-miscible co-solvent i 
alcohol. 



is an 



71. The method of claim 53, wherein n is 0, 1, 2, 3, or 4. 



72. The method of claim 53, wherein the boronic acid anhydride 
compound comprises a compound of formula (5), wherein nisi. 



73. The method of claim 53, wherein the boronic acid anhydride 
compound consists essentially of a compound of formula (5), wherein nisi. 



74. The method of claim 53, wherein the boronic acid anhydrid. 
compound comprises a boroxine having formula (7): 
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16 



15 





YY 




? ? 



„ H °^ J, 




Ph 




(7) 



75. The method of claim 53, wherein the boronic acid anhydride 
compound consists essentially of a boroxine having formula (7): 




16 



Ph 




(7) 



76. The method of claim 53, wherein the boronic acid anhydride 
compound is prepared by recrystallization of a boronic acid compound. 
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77. The method of claim 76, wherein the recrystallization solvent is 
selected from the group consisting of ethyl acetate, dichloromethane, hexanes, 
ether, acetonitrile, ethanol, and mixtures thereof. 



78. A composition prepared according to the method of claim 33 or 52. 



79. A boronic acid anhydride compound comprising one or more 
compounds of formulae (4) and (5): 




T 

* ' n 



wherein: 



n is an integer from 0 to about 10; 
W, at each occurrence, has formula (6): 




wherein: 



(4) 



(5) 



(6) 



P is hydrogen or an amino-group protecting moiety; 
R is hydrogen or alkyl; 
A is 0, 1, or 2; 
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5 



10 



15 



20 



25 



R\ R J , and R 3 are independently hydrogen, alkyl, cycloalkyl, aryl, or -CH, 
R 5 ;and 

R*, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocydyl, 
heteroaryl, or -W-R 6 , where W is a chalcogen and R« is alkyl; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocydyl, or heteroaryl in R\ R', R'or R'can be optionally substituted. 

80. The boronic add anhydride compound of daim 79, wherein n is 0, 1, 
2, 3, or 4. 

81 The boronic add anhydride compound of daim 79, wherein the 
boronic acid anhydride compound comprises a compound of formula (5), wherein 

nisi. 

82 The boronic add anhydride compound of claim 79, wherein the 
boronic add anhydride compound consists essentially of a compound of formula 
(5), wherein nisi. 

83. The boronic add anhydride compound of daim 79, wherein P is one 
of R 7 -C(OH R 7 -S(0) 2 -, R 7 -NH-C(0)-, or R 7 -O-C(0)-; 

where R 7 is one of alkyl, aryl, alkaryl, or aralkyl, any of which can be 
optionally substituted, or when Y is R 7 -C(0)- or R 7 -S(0) r , R 7 can also be an 
optionally substituted 5- to 10-membered saturated, partially unsaturated, or 
aromatic heterocycle. 

84. The boronic acid anhydride compound of daim 79, wherein P is R 7 - 
C(O)- or R 7 -S(0) r , and R 7 is an aromatic heterocyde. 
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85. The boronic acid anhydride compound of claim 84, wherein Pi 
(2-pyrazine)carbonyl or (2-pyrazine)sulfonyl. 



86. The boronic acid anhydride compound of claim 83, wherein: 
A is zero; 

R is hydrogen or Q-Q alkyl; and 
R 3 is Q-C 4 alkyl. 



10 8? - ^ boronic acid anhydride compound of claim 86, wherein P i 

(2-pyrazine)carbonyl or (2-pyrazine)sulfonyl. 



is 



20 



25 



88. The boronic acid anhydride compound of claim 83, wherein: 

R , R s and R'are each independently one of hydrogen, Q-C, alkyl, Q-C,, 
cycloalkyl, or C 6 -C w aryl, or -CH,-R S ; 

R 5 , in each instance, is one of C t -<; o aryl, (Q-CJar^-Qalkyl, (C r 
Qalk^-CJaryl, C,-C M cycloalkyl, Q-Qalkoxy, or Q-C, alkylthio; 

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl, 
heterocydyl, or heteroaryl groups of R 1 , R 1 , R s or R 5 can be optionally substituted. 

89. The boronic acid anhydride compound of claim 79, wherein the 
boronic acid anhydride compound comprises an anhydride of one of: 

N-(2-pyrazme)carbonyl-L-phenyldaiune-L-leucine boronic acid; 
N-(2-qumoline)sulfonyl-L-homophenylalarurie-L-leucine boronic acid; 
NK3-pyridme)carbonyl-L-phenylalanmeWeucine boronic acid; 
N-(4-morpholme)carbonyl-L-phenylalanine-L-leucine boronic acid; 
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NK4*u*phoii^^ b ° r0niC 3dd; 

N^HjutaotoJwtoy b0r0niC add; 

NK4-morpholine)carbo^^ boronic add; 

N-(4-morpholiBe)carbonyl-L-tyrosiiie-L-l e ucine boronic acid; 

NK4-morpholme)carbony^ 
boronic acid. 



10 



90. A boronic acid anhydride compound, comprising an anhydride of 
N^^pyrazm^carbonyl-L-phenylalanineL-leucine boronic acid. 



91. 

formula (7): 



A boronic acid anhydride compound comprising a boroxine having 




YY 




NH Ph 



Y' H Y 




(7) 



92. A boronic acid anhydride compound consisting essentially of a 
boroxine having formula (7): 
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